The diastereoselective hydroxylation of milbemycin A4 (1) at the Opposition (-+2) was performed by cultures of Streptomyces violascens (ATCC31560). 14,15-epoxymilbemycin A4 (3) was formed via a parallel reaction as a byproduct. The conversion and the product ratio, 2/3, were improved by the addition of organic solvents. The best results, i.e., 91 % conversion with 92 % 2 and 8 % 3, were obtained by adding 2.5% DMSOto the culture broth. Oxime 7 was also hydroxylated at the 13/?-position by S. violascens under similar conditions. In the case of milbemycin A3 (9) and D (10), the main products after treatment with S. violascens were the corresponding 14,15-epoxides, 13 and 14, respectively.
+=trace; ++=approx. 25%; +++=more than 25%.
To whomcorrespondence should be addressed.
double bond followed by opening of the epoxide to give the allylic alcohol (4) and subsequent allylic rearrangement (->2). 8) Weconsidered the possibility that a one step biocatalysed hydroxylation would be an improvement over the multi-step chemical pro- Table II . Also the oxime 7, which was not hydroxylated in an aqueous suspension, was converted to the correspoding 13/?-hydroxy compound, 15,13) in a 35% yield, by S. violascens in Cultivation of the microorganisms. A lyophilized sample of S. violascens (ATCC 31560) was incubated in a 50ml shake-'flask containing 20ml of medium A for 72hr at 28°C and 250rpm. 2ml of this culture was transferred to a 500ml shake-flask containing 200ml of medium B or C, followed by incubation under the same conditions as above for an additional 1-2 days. These cultures were used for the hydroxylation reaction. All the strains were cultivated according to this procedure, using an appropriate medium (see Table 1 ).
Hydroxylation of milbemycin A4 (1) by S. violascens in mediumB. To a 2 day-old culture of S. violascens in 450ml of medium B was added 200mg (0.37mmol) of milbemycin A4 (1), and the mixture was incubated at 28°C and 250rpm. The reaction was monitored by HPLC.After 4 days and 37% conversion, 70% 13/?-hydroxy milbemycin Hydroxylation of milbemycin A4 (1) by S. violascens in medium C containing 2.5% DMSO(v/v). To a 1 day-old culture of S. violascens in 200ml of mediumC was added 250mg (0.46mmol) ofmilbemycin A4 (1) dissolved in 5 ml of DMSO. The mixture was incubated at 28°C and 250rpm. After 3 days, an additional 50ml of medium C was added. After a total of 7 days incubation and 91% conversion, 92% 13/?-hydroxy milbemycin A4 (2) and 8% 14,15-epoxy milbemycin A4 (3) were produced as judged on HPLCanalysis.
Hydroxylation of5-keto-milbemycin AA oxime (7) by S. violascens in medium C containing 2.5% DMSO(v/v). To a 1 day-old culture of S. violascens in 200ml of mediumC was added 250 ml (0.45 mmol) of 5-keto-milbemycin A4 oxime (7)H) dissolved in 5ml of DMSO. The mixture was incubated at 28°C and 250rpm. The reaction was monitored by TLC with hexane-ethylacetate, 1 : 1. After 9 days, there was no further conversion and 100 ml ofCH2C12was added to the reaction mixture, which was then filtered through Hyflo Supercel and washed with an additional 50ml of CH2C12.The aqueous phase was washed with 3100 ml portions of CH2C12. The combined organic phase was dried over MgSO4and then evaporated under vacuum. The crude material (220mg) was purified by flash chromatography with hexane-ethyl acetate, 1 : 1, to yield 65 mg (26%) of 13-/?-hydroxy-5-keto-milbemycin A4 oxime (15),13) which was identified by *H NMRin comparison with an authentic sample, as well as 150mg(60%) of unchanged starting material, 7. 5-Keto-milbemycin A4 oxime (7 
